Two Gram-staining-negative, strictly aerobic, non-endospore-forming, non-motile, rod-shaped bacteria, designated strains YIT 12745
phenotypic and phylogenetic characteristics, these strains are considered to represent two novel species of the genus Flavobacterium, for which the names Flavobacterium longum sp. nov. The genus Flavobacterium was first established with the reclassification of two species, Bacillus aquatilis and Bacillus devorans, to Flavobacterium aquatile and Flavobacterium devorans, respectively, by Bergey et al. (1923) and substantially emended by Bernardet et al. (1996) . The genus Flavobacterium is the type genus of the family Flavobacteriaceae in the phylum Bacteroidetes (Ludwig et al., 2011) and the type species of the genus Flavobacterium is F. aquatile. At the time of writing, the genus Flavobacterium comprised at least 98 species with validly published names (http://www. bacterio.net/index.html). Members of the genus Flavobacterium are widely distributed in soil and freshwater habitats. Some have been reported from wastewater treatment plants and produce a variety of enzymes (Aslam et al., 2005; Park et al., 2006 Park et al., , 2007 Ryu et al., 2007; Liu et al., 2010; Zhang et al., 2010) . Strains representing the genus Flavobacterium play a key role in the uptake and degradation of dissolved organic material in aquatic environments (Kirchman, 2002) . Indeed, many species of the genus Flavobacterium can degrade biopolymers such as complex polysaccharides (Bernardet & Bowman, 2011) .
Strains YIT 12745 T and YIT 12746 T were isolated from sludge from a wastewater treatment plant associated with a facility in Saga Prefecture, Japan, that produces a fermented milk drink (Yakult; Yakult Honsha Co.). The wastewater treatment plant uses a type of submerged attached growth system that uses sequential aeration tanks with 65 ml Yakult containers whose bottoms have been removed as submerged media for biofilm growth (A & G Water Treatment System; Yakult Central Institute for Microbiological Research, http://institute.yakult.co.jp/english/research/analysis/). The sludge from the wastewater treatment plant was collected as follows. Yakult containers with attached sludge from the wastewater treatment plant were submerged in normal saline and vigorously vortexed, sonicated and shaken. Part of the sludge sample that was suspended in normal saline was spread onto R2A agar (Difco) plates and incubated at 25 u C for 1 week. Single colonies on the plates were picked up, and strains YIT 12745
T and YIT 12746 T were purified by repeated streaking on new plates . Strains YIT 12745  T and  YIT 12746 T were preserved by lyophilization in water with 10 % (w/v) skimmed milk and 1 % sodium glutamate.
The almost complete 16S rRNA gene sequences of strains YIT 12745 T and YIT 12746 T (both 1468 nt) were determined according to previously published procedures (Sakon et al., 2008) . The 16S rRNA gene sequences were compared with those available from EzTaxon-e (Kim et al., 2012) , and closely related sequences, which were those of representatives of the genus Flavobacterium, were retrieved. The 16S rRNA gene sequences of strains YIT 12745 T and YIT 12746 T were aligned with the retrieved sequences and phylogenetic trees for the datasets were inferred by using the neighbour-joining (Saitou & Nei, 1987) , maximumparsimony (Fitch, 1971) , and maximum-likelihood (Felsenstein, 1981 ) methods with MEGA 5 software (Tamura et al., 2011) . Distances were calculated by using the neighbour-joining method according to the Kimura twoparameter model (Kimura, 1983) . In each case the stability of the relationships was assessed by a bootstrap analysis of 1000 datasets.
In the phylogenetic analysis based on 16S rRNA gene sequences, examination of the neighbour-joining phylogenetic tree ( Fig. 1) T and YIT 12746 T to related species were less than 97 % (Tindall et al., 2010) .
Cell morphology of strains YIT 12745
T and YIT 12746 T was observed by phase-contrast microscopy (BX51; Olympus) and transmission electron microscopy (JEM-1200EX; JEOL) ( Fig. 2 ) using cells grown in R2A broth at 25 u C to stationary phase. Gliding motility was studied by using phase-contrast microscopy as described by Bernardet et al. (2002) . The Gram reaction was determined by using the Gram staining method as described by Tindall et al. (2007) . Capsules were observed after negative staining of cells with India ink as described by Barrow & Feltham (1993) . Colony morphology was observed on R2A agar with a stereoscopic microscope (SZ60; Olympus). The presence of flexirubin-type pigments and Congo red absorption were assessed according to the methods of Bernardet et al. (2002) .
Myroides odoratus DSM 2801 T (CM001437) Flavobacterium longum and F. urocaniciphilum spp. nov.
The physiological characteristics of strains YIT 12745 T and YIT 12746
T and the two reference strains were examined by growing bacteria at various temperatures, NaCl concentrations, and pH. Growth at 4, 10, 15, 20, 30, 37 and 40 u C was tested on R2A agar. Growth at pH 5.0-9.0 (at intervals of 0.5 pH unit) and in the presence of 0-2.5 % NaCl (w/v; at intervals of 0.5 %) was estimated by measuring the OD 600 of R2A broth. The pH of the medium was adjusted with citrate/NaOH (for pH 5.0-5.5), NaH 2 PO 4 /Na 2 HPO 4 (pH 6.0-7.5) or Tris (pH 8.0-9.0) before sterilization. Verification of the pH after autoclaving revealed only minor changes. Growth under anaerobic conditions was assessed in R2A broth in an anaerobic jar (Mitsubishi Gas Chemical) with the Anaeropack anaerobic system [20 % CO 2 , ,0.1 % O 2 (v/v); Mitsubishi Gas Chemical] at 25 u C for 7 days. Growth of strain YIT 12746 T in basal medium (R2A broth without glucose, soluble starch and sodium pyruvate) and in basal medium with 9.4 mM urocanic acid (pH 7.3) was compared by measuring the OD 600 . Growth of strain YIT 12746
T and the pH of culture supernatant were increased in the presence of urocanic acid, suggesting that YIT 12746
T is able to use urocanic acid as a carbon source.
Strains YIT 12745
T and YIT 12746 T and the two reference strains were examined for catalase and oxidase activities and for hydrolysis of starch, casein and DNA by using standard approaches (Tindall et al., 2007) . Decomposition of L-tyrosine was tested as described by Gordon et al. (1974) . Additional biochemical tests were performed with API ZYM and API 20NE kits (bioMérieux), and carbon source utilization was evaluated by using a GN2 MicroPlate (Biolog). All commercial phenotypic tests were performed according to the manufacturers' recommendations.
Sensitivity of strains YIT 12745
T and YIT 12746 T and the two reference strains to antibiotics was tested by the disc diffusion method after cell suspensions (0.5 McFarland standard) had been spread on R2A agar plates. The discs (Sensi-Disc Susceptibility Test Discs; BD) contained the following antibiotics: ampicillin (10 mg), carbenicillin (100 mg), chloramphenicol (30 mg), ciprofloxacin (5 mg), erythromycin (15 mg), kanamycin (30 mg), norfloxacin (10 mg), novobiocin (30 mg), penicillin (10 U), polymyxin B (300 U), rifampicin (5 mg), streptomycin (10 mg), tetracycline (30 mg) and vancomycin (30 mg). The effect of antibiotics on cell growth was assessed after 3 days at 25 u C. A strain was considered susceptible when the diameter of the inhibition zone was .13 mm, intermediate at 10-12 mm and resistant at ,10 mm, as described by Nokhal & Schlegel (1983) . Detailed results from phenotypic and biochemical analyses of strains YIT 12745 T and YIT 12746 T are provided in Table 1 and Table S1 (available in the online Supplementary Material) and the species description.
Fatty acid analysis was performed on strains YIT 12745 T and YIT 12746
T and the two reference strains. Cells were grown on R2A agar at 25 u C for 4 days. The physiological age of different bacterial cultures at the time of harvest was standardized by choice of sector from a quadrant streak on the R2A agar plate according to the MIDI protocol (Sasser, 1990) . In this study, the different species of the genus Flavobacterium exhibited very similar growth on R2A agar. Fatty acid methyl esters were prepared, separated and analysed by GC (7890A GC system; Agilent Technologies) according to the standard protocol (Sasser, 1990 ) of the Sherlock Microbial Identification System, version 6.0 and identified using the TSBA40 library.
The predominant cellular fatty acids of strain YIT 12745 T were iso-C 15 : 1 G (14.4 %), iso-C 16 : 0 (13.2 %), C 15 : 0 (12.9 %), iso-C 15 : 0 (12.9 %) and iso-C 17 : 0 3-OH (11.5 %). Those of strain YIT 12746 T were iso-C 15 : 0 (21.5 %), iso-C 16 : 0 (13.3 %), C 15 : 0 (12.0 %) and iso-C 15 : 1 G (11.9 %). Detailed results from fatty acid analysis of strains YIT 12745 T and YIT 12746 T are provided in Table 2 . The new isolates shared similar fatty acid profiles with the reference strains, with only minor variations in the respective proportions of the different components.
The isoprenoid quinones of strains YIT 12745 T and YIT 12746 T were extracted as described by Komagata & Suzuki (1987) and analysed with an HPLC system (600 series; Waters). Menaquinone (MK-6) was the only respiratory quinone in both strains. This quinone is the major, or only, quinone in all members of the family Flavobacteriaceae (Bernardet et al., 2002) . The DNA G+C contents were determined by enzymically hydrolysing the DNA and quantifying the nucleosides by HPLC according to Ezaki et al. (1990) . The genomic DNA G+C contents of strains YIT 12745
T and YIT 12746 T were 48.7±0.3 and 30.9± 0.3 mol%, respectively; this supports their affiliation with the genus Flavobacterium, members of which have DNA G+C contents between 30 and 52 mol% (Liu et al., 2010) . 
D. Fujii and others
The polar lipids of strains YIT 12745 T and YIT 12746 T and the two reference strains were extracted by using the method of Minnikin et al. (1984) and identified by twodimensional TLC, as described by Tindall et al. (2007) . Chromatography was performed by using chloroform/ methanol/water (65 : 25 : 4, by vol.) in the first direction, followed by chloroform/methanol/acetic acid/water (40 : 7.5 : 6:2, by vol.) in the second. Ethanolic molybdophosphoric acid (10 %) was used to detect the total polar lipids, ninhydrin for amino lipids, molybdenum blue reagent for phospholipids, and anisaldehyde reagent for glycolipids. The polar lipid profiles of strain YIT 12745 T and F. caeni NBRC 104239 T consisted of phosphatidylethanolamine (PE), an unknown aminolipid (AL1), and four unknown lipids (L1-4) . In addition, two unknown aminolipids (AL2, 3) and two unknown aminophospholipids (APL1, 2) were present in strain YIT 12745 T but not in the reference strain, and two unknown lipids (L5, 6) were present in the reference strain but not in strain YIT 12745
T . The polar lipid profiles of strain YIT 12746 T and F. terrigena DSM 17934
T consisted of PE, three unknown aminolipids (AL1, 4, 5) and three unknown lipids (L2-4). In addition, two unknown aminolipids (AL2, 6) and an unknown lipid (L7) were present in strain YIT 12746 T but not in the reference strain, and two unknown aminolipids (AL7, 8) and two unknown lipids (L8, 9) were present in the reference strain but not in strain YIT 12746 T (Fig. 3) .
Phenotypic examination revealed that strains YIT 12745
T and YIT 12746 T shared several traits in common with their , by colony pigmentation; absence of flexirubin-type pigments; absence of brown diffusible pigments on tyrosine agar; ability to grow at 37 u C; inability to grow on TSA; inability to grow in R2A broth at pH .8.0, or supplemented with 0.5 % NaCl; and inability to hydrolyse DNA (Table 1) . Strain YIT 12746 T could be clearly differentiated from its closest neighbour, F. terrigena DSM 17934 T , by colony pigmentation; absence of flexirubin-type pigments; ability to grow at 37 u C, at higher and lower pH (pH 6.5-8.5) and in R2A broth supplemented with 0.5 % NaCl; ability to hydrolyse gelatin; inability to hydrolyse casein; and lower DNA G+C content ( T represent novel species of the genus Flavobacterium for which we propose the names Flavobacterium longum sp. nov. and Flavobacterium urocaniciphilum sp. nov., respectively. In addition, emended descriptions of the two species used as references are also proposed on the basis of new data obtained in this study.
Emended description of Flavobacterium caeni Liu et al. 2010
The description is as given by Liu et al. (2010) with the following modifications. The polar lipid profile consists of phosphatidylethanolamine, an unknown aminolipid and six unknown lipids.
Emended description of Flavobacterium terrigena Yoon et al. 2007
The description is as given by Yoon et al. (2007) with the following modifications. Brown diffusible pigments are not produced on tyrosine agar. Sensitive to carbenicillin (100 mg), norfloxacin (10 mg) and penicillin (10 U); resistant to polymyxin B (300 U). The polar lipid profile terrigena DSM 17934 T . All data are from this study. Strains were grown on R2A agar at 25 uC for 4 days. Data are expressed as percentages of the total fatty acids. Only fatty acids representing more than 1.0 % of the total fatty acids of at least one of the strains are shown. TR, Trace (less than 1.0 % of total); -, not detected. --3.8 -*Summed features are groups of two or three fatty acids that are treated together for the purpose of evaluation in the MIDI system and include both peaks with discrete equivalent chain lengths (ECLs) as well as those where the ECLs are not reported separately (MonteroCalasanz et al., 2013) . Summed feature 3 comprises iso-C 15 : 0 2-OH and/or C 16 : 1 v7c. consists of phosphatidylethanolamine, two unknown aminophospholipids, four unknown aminolipids and five unknown lipids.
Description of Flavobacterium longum sp. nov.
Flavobacterium longum (lon9gum. L. neut. adj. longum long in shape, referring to the filamentous cellular morphology that occurs in broth culture).
Cells are Gram-staining-negative, strictly aerobic and rodshaped. No flagella are detected. No gliding motility is observed. At stationary phase at 25 u C in R2A broth, the mean cell size is 0.4-0.8 mm in diameter and 1-8 mm in length. Some cells become irregularly filamentous. Capsules are observed. Colonies on R2A agar are cream-yellow, circular and flat with an entire margin. The colony size is approximately 0.7-2.4 mm in diameter after 72 h at 25 u C. Growth occurs at 10-37 u C (optimum, 30 u C), at pH 6.5-8.0 (optimum, pH 7.0) and in R2A broth without added NaCl. Positive for oxidase and catalase activities, and for hydrolysis of casein and tyrosine. Brown diffusible pigments are not produced on tyrosine agar. Negative for hydrolysis of starch and DNA. Congo red is not absorbed by colonies, and flexirubin-type pigments are not produced. API 20NE tests are negative for nitrate reduction; indole production; D-glucose acidification; arginine dihydrolase, urease and 4-nitrophenyl b-D-galactopyranosidase activities; hydrolysis of aesculin and gelatin; and assimilation of glucose, arabinose, mannose, mannitol, N-acetylglucosamine, maltose, gluconate, caprate, adipate, malate, citrate and phenylacetate. In the API ZYM kit, alkaline phosphatase, C4 esterase, C8 esterase lipase, leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-glucosidase activities are present, but C14 lipase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, bgalactosidase, b-glucuronidase, b-glucosidase, N-acetyl-bglucosaminidase, a-mannosidase and a-fucosidase activities are absent. The following compounds are used as sole carbon sources on the GN2 microplates: dextrin, gentiobiose, a-lactose, maltose, turanose, b-hydroxybutyric acid, L-leucine and L-threonine. All other substrates in the GN2 microplates are not used. Sensitive to ampicillin (10 mg), carbenicillin (100 mg), chloramphenicol (30 mg), ciprofloxacin (5 mg), erythromycin (15 mg), norfloxacin (10 mg), novobiocin (30 mg), penicillin (10 U), rifampicin (5 mg), streptomycin (10 mg), tetracycline (30 mg) and vancomycin (30 mg); resistant to polymyxin B (300 U) and intermediately resistant to kanamycin (30 mg). The major fatty acids (.10 % of the total fatty acids) are iso-C 15 : 1 G, iso-C 16 : 0 , C 15 : 0 , iso-C 15 : 0 and iso-C 17 : 0 3-OH. The only respiratory quinone is MK-6. The polar lipid profile consists of phosphatidylethanolamine, two unknown aminophospholipids, three unknown aminolipids and four unknown lipids. Cells are Gram-staining-negative, strictly aerobic and rodshaped. No flagella are detected. No gliding motility is observed. At stationary phase at 25 u C in R2A broth, the mean cell size is 0.3-0.7 mm in diameter and 1-2.5 mm in length. Capsules are observed. Colonies on R2A agar are bright yellow, circular, low convex, with an entire margin. The colony size is approximately 0.7-2.0 mm in diameter after 72 h at 25 u C. Growth occurs at 10-37 u C (optimum, 30 u C), at pH 6.5-8.5 (optimum, pH 7.0) and in R2A broth supplemented with 0-0.5 % NaCl (optimum, 0 %). Positive for oxidase and catalase activities and tyrosine hydrolysis. Brown diffusible pigments are not produced on tyrosine agar. Negative for hydrolysis of casein, starch and DNA. Congo red is not absorbed by colonies, and flexirubin-type pigments are not produced. API 20NE tests are positive for gelatin hydrolysis; and negative for nitrate reduction; indole production; D-glucose acidification; arginine dihydrolase, urease and 4-nitrophenyl b-D-galactopyranosidase activities; aesculin hydrolysis; and assimilation of glucose, arabinose, mannose, mannitol, Nacetylglucosamine, maltose, gluconate, caprate, adipate, malate, citrate and phenylacetate. In the API ZYM kit, alkaline phosphatase, leucine arylamidase, valine arylamidase, a-chymotrypsin and naphthol-AS-BI-phosphohydrolase activities are present, but C4 esterase, C8 esterase lipase, C14 lipase, cystine arylamidase, trypsin, acid phosphatase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities are absent. The following compounds are used as sole carbon sources on the GN2 microplates: monomethyl succinate, a-ketovaleric acid, DL-lactic acid, bromosuccinic acid, L-glutamic acid, L-histidine, L-ornithine, L-proline, L-threonine and urocanic acid. All other substrates in the GN2 microplates are not used. Sensitive to ampicillin (10 mg), carbenicillin (100 mg), chloramphenicol (30 mg), ciprofloxacin (5 mg), erythromycin (15 mg), norfloxacin (10 mg), novobiocin (30 mg), penicillin (10 U), rifampicin (5 mg), streptomycin (10 mg), tetracycline (30 mg) and vancomycin (30 mg); resistant to polymyxin B (300 U) and intermediately resistant to kanamycin (30 mg). The major fatty acids (.10 % of total fatty acids) are iso-C 15 : 0 , iso-C 16 : 0 , C 15 : 0 and iso-C 15 : 1 G. The only respiratory quinone is MK-6. The polar lipid profile consists of phosphatidylethanolamine, an unknown aminophospholipid, five unknown aminolipids and four unknown lipids.
The type strain is YIT 12746 T (5JCM 19142 T 5DSM 27078 T ), isolated from a wastewater treatment plant in Saga Prefecture, Japan. The DNA G+C content of the type strain is 30.9 mol%.
